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Abstract 


A seven weeks feeding trial was conducted to evaluate growth, feed utilization and body composition of Nile tilapia fry 
Oreochromis niloticus (8.45 + 1.73; 9.36 + 0.2 cm), fed four isonitrogenous (250 g kg-1 crude protein) and isoenergetic (16.67 
kJ g-1 Gross energy) diets in which the main protein contributors were: diets containing replacement levels of 0, 25, 50 and 
100% of Fish Meal (FM) digestible protein by Locust Meal LM digestible protein. The experimental design was completely 
randomized with four treatments and three replicates. Fish were stocked in triplicate groups of 20 fish held in 70 L flow 
through tanks (water volume 55 L) and fed twice daily (08:00 a.m and 04;30 pm) to apparent satiation. Fish fed diet I exhibited 
the highest (P < 0.05) values for live weight gain and specific growth rate (% per day). FCR and SGR were better (P < 0.05) in 
fish-fed diets TO and T2. Fish-fed diet T1 exhibited lower (P < 0.05) fat and ash contents in carcass. The protein efficiency ratio, 
absolute body weight live weight gain and feed conversion ratio content significantly decreased in fish fed diets containing 
LM levels 100%. Therefore, LM can replace up to 25% of FM without impairing juvenile Nile tilapia growth performance, feed 
efficiency and body composition. 
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Introduction source especially for poor consumer because they are an 
omnivorous diet, are tolerant to high density in aquaculture 


Tilapia is one of the most popular aquaculture species and relatively diseases resistant [2]. 


and is farmed in more than 120 countries and territories. 


However, global tilapia aquaculture production is highly Fishmeal is recognized by nutritionist as high quality, 


imbalanced, with the top ten countries in 2015 accounting for 
over 90 percent of the 5.7 million tonnes of global production 
[1]. Tilapia is second-most important cultured finfish 
worldwide and farmed globally by many small holders. Nile 
tilapia (Oreochromis niloticus) ranks 6th among the most 
important cultured species, providing food, jobs, domestic 
and exporting earnings. Tilapia is an important protein 
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very digestible feed ingredient that is favored for addition 
to the diet of most farm animals, especially fish and shrimp. 
Fishmeal carries quantities of energy per unit weight and 
excellent source of protein, lipids, minerals and vitamins, 
carbohydrate very little in fishmeal [3]. 


Locusta are certain spp of short horned in the family 
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acrididae that have swarming phase. These insects are usually 
solitary but under certain circumstances become more 
abundant and change their behavior and habits becoming 
gregarious. No taxonomic distinction is made between locust 
and grasshopper spescises [4]. Several cultures throughout 
the world consume insects and and locusts are considered 
a delicacy and eaten in many African, middle eastern and 
Asian countries. They have been used as food throughout 
history, they can be cooked in many wise but are often frid, 
smoked or dried Culture fish required protein, lipid, energy, 
vitamins and minerals in their diet for growth, reproduction, 
and other normal physiological functions. Nutrients for 
culture may come from various feed source, such as plankton, 
bacteria, insects and other fish from within the aquaculture 
ecosystem, and organic matter and processed feeds added to 
the ecosystem [5,6]. Natural foods are the best foods for fish 
and include algae (phytoplankton), zooplankton, detritus, 
snails, worms, insects and insect larvae, small plants like 
duckweeds and various other weeds and grasses that are 
found in a fish pond [7]. 


Locusts, like many insects are an excellent source of 
protein, some species of locusts vary in protein content from 
50 percent of dry weight to almost 60% percent, making 
them denser in protein than cows. The protein of some 
species of locust is not considered complete because it is of 
missing of the some essential amino acids [4]. 


Locusts also contain adequate amounts of iodine, 
phosphorus, iron, thiamine, riboflavin, niacin and 
carbohydrate levels are very low in locusts. The Nile tilapia 
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belongs to the taxonomic family of the Cilchlidae. Cichlids 
are one of the most species rich fish families comprising 
more than 1600 valid taxa [8]. These include the important 
aquaculture species Oreochromis niloticus [8,9]. With regard 
to the total sulphur amino acids (namely tyrosine, cystine, 
methionine and phenylalanine), tyrosine and cystine are 
best considered semi-essential in that, the fish can utilize 
cystine as a precursor for the biosynthesis of methionine and 
phenylalanine, thus reducing the dietary requirement for 
these two essential amino acids. The optimum gross dietary 
lipid requirements for Nile tilapia ranges between 10 and 15 
percent [10]. To determine the effect of different level oflocust 
meal on growth performance in Nile tilapia Oreochromis 
niloticus fingerlings. The aim of study to determine the effect 
of different level of locust meal on chemical composition of 
studied fish. 


Materials and Methods 


Preparation of Experimental Diets 


In this study, firstly proximate composition of the 
ingredients used in fish feeds were analyzed Table 1 and then 
feasibility of replacing fishmeal with locust meal protein for 
Nile tilapia Oreochromis niloticus fry were find out. In this 
experiment four isonitrogenous (25% CP) and isocaloric 
(16.67 kj/g) diets replacing 0% (TO), 25% ( T1), 50% (T2) 
and 100% (T3) fishmeal protein by Locust meal protein 
were formulated Table 1. All diets were isonitrogenous (25% 
crude protein); out of which 10% protein was contributed 
by fish meal. 


Ingredients (g/ 100 g dry diet) TO (0%) T1 (25%) T2 (50%) T3 (100%) 
Fish meal’ 18.52 14.11 9.26 0 
Locust meal? 0 3.8 9.26 18.52 
Groundnut Cake? 9.26 9.26 9.26 9.26 
Wheat bran* 36.5 36.5 36.5 36.5 
Wheat middling® 29.4 29.4 29.4 29.4 
Vig-Oil® 3 3 3 3 
Mineral premix’ 2 2 2 2 
Vitamin premix® 2 2 2 2 
Total 100 100 100 100 
Protein C.P (%) 25.0+0.3 25.00+0.0 25.00+0.2 25.8+0.05 
E.E% 3.6+0.07 3.6+0.07 3.1+0.21 3.6+0.07 
Ash% 12.0_+0.0 13.5+0.71 11.5+0.71 13.5+0.71 
Calculated gross energy (kJ g", dry diet) 16.71+0.1 16.65+0.03 16.19+0.2 16.65 +0.10 


Table 1: Diet composition of the experiment. 


1Fishmeal 54% CP; *Locust meal 52.39%; Groundnut Cake 39% CP; ‘Wheat bran 13.7%; ‘Wheat Middling 17% CP, °Vigetable oil (sunflower oil) and 7Mineral 
mixture (g/100g dry diet) calcium biphosphate 13.57; calcium lactate 32.69; ferric citrate 02.97; magnesium sulphate 13.20; potassium phosphate (dibasic) 
23.98; sodium biphosphate 08.72; sodium chloride 04.35; almunium chloride.6H,O 0.0154; potassium iodide 0.015; cuprous chloride 0.010; mangnous sulphate 
H,0 0.080; cobalt chloride. 6H,0 0.100; zinc sulphate. 7H,0 0.40 (Halver, 2002). ®Vitamin mixture (g/100 dry diet) choline chloride 0.500;inositol 0.200; ascorbic 
acid 0.100; niacin 0.075; calcium pantothenate 0.05; riboflavin 0.02; menadione 0.004; pyridoxine hydrochloride 0.005; thiamin hydrochloride 0.005; folic acid 


0.0015; biotin 0.0005; alpha-tocopherol 0.04; vitamin B,, 0.00001; LobaChemie, India (Halver, 2002). 
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Crude protein content in the diet was fixed at 25% 
on the basis of earlier available information [11]. All the 
ingredients were weighed and blended in a Hobart electric 
mixer thoroughly. These were then steam cooked at 80°C 
in a volume of hot water. Oil, mineral and vitamin premixes 
were added to the lukewarm bowl one by one with constant 
mixing at 60°C. The final diet with bread dough consistency 
was poured into a teflon-coated pan, cut in the form of small 
cubes and stored until used. 


Experimental System and Animals 


Fry of Oreochromis niloticus were procured from Hussien 
Fadoul Fish Farm, Soba-Khartoum, Sudan. These were 
transported to hatchery of the Department of fisheries and 
Wildlife Science, Sudan University of Science & Technology, 
Khartoum, Sudan, transport of fry in polyethylene sac and 
stocked in fiber glass for two days in this period fry no 
feed. After that use of small deep net to caught fry and then 
weight the fry and standardized then transfered to medium 
aquarium and circular pond. 


During this period, the fish were fed to apparent 
satiation by feeding diet consisting of ground nut cake, wheat 
bran and wheat middling in the form of dried powder diet 
twice a day at 08:00 a.m. and 04:30 p.m.. For conducting 
the experiments, Oreochromis niloticus fry (8.45+1.73g; 
9.36+0.2cm) for experiment. were sorted out from the 
above acclimated lot and stocked in triplicate groups in 70-L 
circular polyvinyl tanks (water volume 20 L) fitted with a 
continuous water flow-through (1-1.5 L min-1) system at the 
rate of 20 fish per tank for each dietary treatment. Fish were 
fed test diets in the form of powder diet to apparent satiation 
twice daily. No feed was offered to the fish on the day they 
were weighed. Initial and weekly weights were recorded ona 
top-loading balance. The feeding trial lasted for seven weeks. 
Faecal matter and unconsumed feed, if any, were siphoned 
off. The unconsumed feed was filtered on a screen soon after 
active feeding, dried and weighed to measure the amount of 
feed consumed. 


Water Quality Parameters 


Water temperature, dissolved oxygen, NO,, NO, pH, 
and total ammonia during the feeding trial were recorded 
following standard methods [12]. The range of water 
temperature, dissolved oxygen and pH, over the seven weeks 


feeding trial, based on weekly measurements, were 25.60- 
29.40 2C, 4.06-5.55 mg L" and 7.7-8.27, respectively Table 3. 


Proximate Analysis 


Assessment of proximate composition and fatty acid 
profile of ingredients, diets and carcass was made using 
standard techniques [13]. All the analyses were done on 
quadruplet basis (n=4x1). Details for each analysis are as 
under: 


Growth Parameters 


The effects of replacing fishmeal with water spinach 
in diets on growth and conversion efficiency of fingerling 
Oreochromis niloticus during the present experiment was 
evaluated using following indices: 

Live weight gain (LWG; %) = Final individual body weight- 
Initial individual body weight/Initial individual body weight 
x 100 

Absolute weight gain (g/fish) = Final individual body weight- 
Initial individual body weight 


Feed conversion ratio (FCR) = Dry feed fed/Wet weight gain 
Protein efficiency ratio (PER) = Weight gain/Protein fed 


Specific growth rate (SGR; %/day) = In Final body weight-In 
Initial body weight/No. of days x 100 

Per cent survival = (Final number of fish/Initial number of 
fish) x 100 


The proximate content analysis of carcass and feed was 
done. The results from the replicates for each feed samples 
were used to provide the data for the statistical analysis. 
All growth data were subjected to analysis of variance, 
differences among treatment means were determined by 
Duncan’s Multiple Range Test at a P<0.05 level of significance 
[14]. 


Results 


Growth Performance 


Excellent performance in terms of absolute weight gain 
(AWG; g fish"), feed conversion ratio (FCR) and (SGR) were 
observed for the groups fed dietary locust meal at 50% of the 
diet (Table 2). 


T, T, T, T, 
IW (g) 7.91+0.37° 6.70+0.484 10.81+41.83* 8.36+0.65° 
FW (g) 11.41+0.62° 9.30+0.484 14.4642.18* 10.60+0.69° 
AWG (g) 3.50+0.95? 2.60+0.05° 3.6440.992 2.24+1.13° 
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LWG % 144.76414.32? 139.01+4.01 134.23+9.40° 127.784+16.18° 
ADWG 0.085+0.03° 0.065+0.003c 0.091+0.025* 0.056+0.002¢ 
SGR 0.401+0.10? 0.360+0.031° 0.320+0.007° 0.260+0.134 
FCR 1.77+0.023° 2.38+0.05° 1.7240.52b 2.76+0.35° 
Survival % 98 100 100 100 
Table 2: Growth, survival and feed utilization of Nile tilapia fed experimental diets. 


b¢ Mean values followed by the same superscript in each row are not significant different (p>0.05) 


From tha above table the highest Absolute weight gain 
was recorded in T, (3.64 g), which was followed by T, (3.50 
g), T, (2.60 g) whereas, the lowest Absolute weight gain was 


T, (2.24g) Figure 1. The best FCR was in T2 (1.72), this was 
followed by TO (1.77), T1 (2.38), and in T3 (2.76) Figure 2. 
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Figure 1: Relationship between the substitution rate of FM with LM and AWG (g Fish’). 
S 


S 
@ 
3,05 
20 2 
se | 
2.44 ° 
) 2.24 
y=0.43x+1,75 
2,04 R7=0.57 
1,84 2 
1.6 OOOO 8” OOP. TT ToT 
-10 o 10 20 30 40 so 60 7o 80 30 100 110 
% Replacing FM with LM 
Figure 2: Relationship between the substitution rate of FM with LM and FCR. 
y y 
Ty T, T, T, 
pH 7.740.34? 7.740.50° 7.840.47° 8.27+40.353 
Ammonia 0.22+0.192 0.22+0.192 0.22+0.19? 0.22+0.19? 
NO, 0.01+0.002 0.00+0.00 0.00+0.002 0.01+0.002 
NO, 160.0+40.00# 7.5741.86° 4.0+0.00° 4.040.00° 
DO 5.55+2.293 4.06+0.33° 5.09+1.63? 5.42+1.90? 
Temperature 29.60+0.50? 29.40+0.51? 25.60+0.53° 26.23+0.51° 


Table 3: Mean physical-chemical parameters of the test concentrations Locust meal on Water Quality. 
b¢ Mean values followed by the same superscript in each row are not significant different (p>0.05). 
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Experimental diets 
T; Ti sig dips 
DM% 18.045.66° 28.042.83? 27.0+2.83? 25.5+2.12° 
Fat% 7.140.078 6.7+0.14° 6.6+0.07° 7.040.072 
CP% 69.5 + 0.50* 68.43 + 0.40 67.05 + 0.50? 61.95 + 0.2° 
Ash 3.0541.34¢ 4.6+0.77° 4.0+0.00° 2.0+0.00° 


Table 4: Whole-body Composition or Carcass Composition of fry Nile tilapia Oreochromis niloticus fed graded concentrations 


of Locust meal for 7 weeks. 


Means in the same row with different superscripts are significantly (P<0.05) different. 


The results of whole body content or the carcass 
composition very important for nutritional value of Nile 
tilapia. In table 4 dry matter in the experimental ranged 
from 18.0 to 28.0. The fat in body ranged between 6.6% in 
T, to 7.1% in T,. Crude protein in body of fish depended to 
essential amino acid in the diets. Generally, crude protein 
decrease with decrease of fish meal, high Crude protein in 
T, (69.5%) and lower crude protein in T, (61.95%). The Ash 
content between 2.0 to 4.6. 


Discussion 


Selection of feed ingredients is one of the most important 
factors for the formulation and commercial production of 
supplemental quality feed for any aquatic species [15,16]. 
Although, fish meal is the widely used feed ingredients as 
animal protein source and accepted for its higher protein 
composition and essential amino acids; but it is rather 
expensive than the available plant protein sources [17]. 
Beside this, the availability of fish meal is decreasing day 
by day due to its high demand in other than aquaculture 
industry like livestock, poultry etc. The decreased supply 
of fish meal in future will dramatically affect the fish 
production. Considering this, it is essential to partially reduce 
or eliminate fish meal in fish diet. One approach to reduce 
fish meal from fish diets is to replace it with alternative less 
expensive and easily available protein, which will allow for 
continued expansion of aquaculture. In view of this, anumber 
of plant and animl protein source has been evaluated for the 
replacement of fish meal [18-20]. Growth rate measured 
on weight of all fish in the aquarium weekly at seven week. 
High weight in final week, in the present study, there were no 
significant differences in AWG, LWG and SGR between these 
treatments, but there was a difference in survival, suggesting 
that locust meal significantly affected survival and the growth 
of Nile tilapia fry in Aquarium. Although this is the first study 
to report the effects of locust meal on O. niltoticus fry growth 
and survival in the Sudan. 


In the present study, the inputs of fishmeal replacement 
with locust meal (0-100%) have been evaluated on Nile tilapia 
fry. The highest absolute weight gain and SGR was noticed in 
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T2 in which replacement of fish meal with 50% of locust meal 
Table 2, as compared to other treatments. Similar results 
were also reported by Brah, et al. [21] FCR linearly increased 
and were significanlty affected by the treatments (p<0.05). 
Four isonitrogenic and isocaloric diets which contained 100- 
75% fish meal. After 7 weeks feeding period, weight gain, 
feed conversion ratio and survival rate compared to fish fed 
of all the treatment (p<0.05) in the present study, the highest 
absolute weight gain was recorded in T2 which was followed 
by TO0,T1,T3 respectively. The recorded absolute weight gain 
was Statistically different between treatments. SGR was 
not significantly, highest was in the TO, whereas the lowest 
SGR (0.260) was found in T3. The best FCR was in the T2 
replacement of the fish meal by 50% of locust meal followed 
by TO, T1 and T3 respectively Figure 2. Thus, best growth 
of Nile tilapia fry was reported when fed with the T2 (5%). 
Nile tilapia provided the diet with 50 per cent replacement 
of fish meal with locust meal attended an average weight of 
14.46+2.18 which was reported to be the highest in fish meal 
replaced diet. Thus, fish meal replaced by locust meal had 
effect on growth of Nile tilapia compared to the result [21]. 


Conclusion 


The experiment showed that feeds were actively 
consumed by the experimental fish; Nile tilapia which 
brought an increase in weight. Since there was no significant 
difference (P>0.05) among the means of the treatments, it 
shows that any of the inclusion level can be used up to 50% 
inclusion level of locust meal. However, 50% inclusion level 
of locust meal produced best result in terms of growth. It is 
therefore recommended that locust meal can be incorporated 
at 50% inclusion without compromising fish growth. There 
are various alternative protein sources that can be used in 
aquaculture diets, without affecting growth performance, 
feed efficiency, and body composition, since the amino 
acids requirement is considered, locust meal can be used as 
alternative protein ingredient in fish feed. 
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